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Use of Nasonia vitripennis to Evaluate Genomic Imprinting and Haplodiploid
Inheritance
Abstract
During fertilization, male and female gametes fuse and a diploid organism is generated. However, in some
cases, not all of the genes from a parental genome are expressed. Such instances are known as genomic
imprinting—when a gene from the genome of one parent is expressed and the respective gene from the
other parental genome is silenced. When the gene that is meant to be expressed is absent or not
functioning correctly, a genetic disorder can occur. In humans, such genetic disorders include Prader-Willi,
Angelman, Beckwith-Wiedemann, and Silver-Russell syndromes. This experiment studies the effects of
genomic imprinting in the parasitic wasp Nasonia vitripennis. This organism undergoes macro scale
genomic imprinting during its sexual reproduction. When male genes are present in fertilized eggs, female
offspring are produced. Conversely, when male genes are absent in unfertilized eggs, male offspring are
produced. The results of the experimentation with Nasonia vitripennis strongly support the use of
haplodiploid inheritance in the sexual reproduction of this species. Specifically, cross results for eyecolor
exclude inheritance via standard dominant/recessive genetics. In summary, this study focuses on the
sexual reproduction of Nasonia vitripennis through haplodiploid inheritance, the relevance to genomic
imprinting, and how studying genomic imprinting in Nasonia vitripennis allows for understanding of the
genomic imprinting in humans.
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disorder
occurs
when
such
genes
are
inappropriately inherited or expressed in the
genetic makeup of an individual. Such genetic
disorders
include
Prader-Willi,
Angelman,
Beckwith-Wiedemann,
and
Silver-Russell
syndromes 2 .
Research on genomic imprinting
with the parasitic wasp Nasonia vitripennis has
helped scientists to better understand how
imprinting affects an individual 3 .
The PSR
chromosome in some Nasonia vitripennis males
has also been linked to genomic imprinting and,
thus, is of major interest to scientists in this field4.
Through continued research of imprinting in
Nasonia vitripennis, a greater understanding of the
mechanisms of imprinting will be acquired. This
may in turn lead to a greater understanding of
similar genetic disorders in humans.
The human genome usually includes 46
chromosomes, or 23 pairs of chromosomes. Half
of these chromosomes are paternal and half are
maternal. Different genes are located on different
chromosomes and most genes contribute to more
than one trait for an individual. Some traits, such
as eye color, result from multiple genes, inherited
from both parents, interacting in a complex
network of genes. However, with imprinting, a
gene is only "inherited" from the maternal or
paternal chromosome because the gene from the
other chromosome has been silenced (imprinted) 1 .
With imprinting, there is an absolute requirement
for gene expression from the appropriate
chromosome (maternal or paternal) for correct
development to occur. Therefore, if a gene that
must be expressed is missing, the resultant
individual will suffer from a range of genetic
disorders. The gene could be "missing" for one of
three reasons: (1) it was deleted from the particular
chromosome, (2) two copies of the chromosome
were inherited from one parent and the gene is
only expressed on the chromosome of the other
parent, or (3) the gene on the chromosome
becomes inactive and fails to contribute to the
genetic makeup of the individual . Regardless of
the mechanism, an individual will be born with a
genetic disorder specific to the chromosome and
the gene that is absent.

Abstract:
During fertilization, male and female gametes
fuse and a diploid organism is generated.
However, in some cases, not all of the genes from
a parental genome are expressed. Such instances
are known as genomic imprinting—when a gene
from the genome of one parent is expressed and
the respective gene from the other parental
genome is silenced. When the gene that is meant
to be expressed is absent or not functioning
correctly, a genetic disorder can occur.
In
humans, such genetic disorders include PraderWilli, Angelman, Beckwith-Wiedemann, and
Silver-Russell syndromes.
This experiment
studies the effects of genomic imprinting in the
parasitic wasp Nasonia vitripennis. This organism
undergoes macro scale genomic imprinting during
its sexual reproduction. When male genes are
present in fertilized eggs, female offspring are
produced. Conversely, when male genes are absent
in unfertilized eggs, male offspring are produced.
The results of the experimentation with Nasonia
vitripennis
strongly
support
the use
of
haplodiploid inheritance in the sexual reproduction
of this species. Specifically, cross results for eyecolor
exclude
inheritance
via
standard
dominant/recessive genetics. In summary, this
study focuses on the sexual reproduction of
Nasonia
vitripennis
through
haplodiploid
inheritance, the relevance to genomic imprinting,
and how studying genomic imprinting in Nasonia
vitripennis allows for understanding of the
genomic imprinting in humans.
Introduction:
At fertilization, maternal and paternal genomes
come together to establish a new and unique
organism through the fusion of genetic material
from both male and female gametes. Therefore,
this new organism inherits genetic material from
both the male and female gametes. However, not
all genes
from
both
gametes will
be
developmentally expressed. Specific genes from
both the maternal and paternal genomes will be
silenced, or imprinted, to allow for the correct
developmental pattern to proceed'. A genetic
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Prader-Willi syndrome (PWS) is due to the
absence of a gene on the paternal chromosome
151. Thus, PWS can occur due to the deletion of
the gene on the paternal chromosome 15, the
absence of the paternal chromosome 15, or the
failure of the gene to function on the paternal
chromosome 152. The resulting individual suffers
from a genetic disorder. The individual usually
does not have any physical defects at birth
contributing to the difficulty in infant PWS
detection 2 . Weeks later, however, the parents find
that their child is not gaining weight—a
characteristic of PWS 2 .
As the child further
develops, the individual experiences problems
with satiety, which ultimately leads to most PWS
victims becoming obese 2 . Most experience mental
retardation and other learning disabilities. Some
physical characteristics of PWS include narrow
temples, strabismus (also known as "lazy-eye"), a
thin upper lip, and either a delayed or incomplete
phase of pubertal development 2 .
Similar to PWS, Angelman syndrome results
from the microdeletion of a gene on chromosome
15. However, in Angelman syndrome, the gene is
deleted from the maternal chromosome 15 . This
deletion can occur in the same ways that it can
occur on the paternal chromosome through
deletion of the gene, absence of the chromosome,
or inactivity of the gene . There are, however,
some differences in the two genetic disorders.
Individuals with Angelman syndrome are usually
born with a premature body size 4 . Later in life
they experience speech disorders, severe mental
retardation, and a "marionette-like scissoring
gait" 1 . Individuals with this genetic disorder also
are subject to specific behavioral abnormalities,
such as spontaneous eruptions of laughter 5 . It is
because of this laughter and the marionette-like
gait that these individuals are often cruelly
referred to as having the "happy puppet"
syndrome .
PWS and Angelman syndrome are the most
well known examples of genomic imprinting
disorders in humans. Less commonly known
syndromes include, but are not limited to,
Beckwith-Wiedemann syndrome and SilverRussell
syndrome 5 .
Beckwith-Wiedemann
syndrome is the result of a paternal uniparental
disomy of chromosome l l 5 . Uniparental disomy,
a rare genetic disorder, is described as one parent
contributing two copies of a specific chromosome
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while the other parent contributes none 5 . Thus,
individuals with Beckwith-Wiedemann syndrome
have no maternal chromosome 11 and two copies
of the paternal chromosome 11. This is an
example of genomic imprinting because a gene
that is present on the maternal chromosome 11 is
not present and leads to a genetic disorder.
Characteristics of this syndrome include the
development of a large tongue, a large overall
body, high levels of insulin, and the development
of tumors 5 .
Similarly, Silver-Russell syndrome is due to the
maternal uniparental disomy of chromosome 7 .
In such rare cases an individual does not have a
paternal chromosome 7 and instead has two copies
of the maternal chromosome 7. This disorder is
characterized by an abnormal rate of growth in the
individual and the presence of a small, triangular
face5.
Individuals who are born with such genetic
disorders are typically managed by a team of
specialized physicians 2 .
In the case of an
individual with PWS, doctors diagnose and treat
the individual's strabismus, inject hormones to
account for the individual's delay in the onset of
puberty, and put the individual on a weightmanagement program in order to prevent or
regulate the inherent obesity typically found in
these individuals 2 . However, research in the field
of genomic imprinting is growing and there is
hope that future victims of such genetic disorders
can be treated through gene therapy. Gene therapy
is a medical procedure in which the genes of an
individual are manipulated in order to treat or
prevent a genetic disorder. Such procedures can
only become available through continued research
in the field. The use of Nasonia vitripennis in
studying genomic imprinting is a valuable tool to
better understand genomic imprinting in humans.
Nasonia vitripennis is a species of small,
parasitic
wasps
that
reproduce
through
haplodiploid inheritance 1 .
This mode of
inheritance is unique to insects; eggs with the
diploid number of chromosomes (ten) become
female and unfertilized eggs with the haploid
number of chromosomes (five) become male 1 .
This is a form of genomic imprinting in that there
are genes on the male chromosomes that silence or
imprint the female chromosomes . Thus, if the
egg is unfertilized and the paternal genes are not
present, then the female genome is expressed to

2

Fisher: Use of Nasonia vitripennis to Evaluate Genomic Imprinting and Haplodiploid Inheritance

Figure 1: Life cycle of the Fly Parasite, Nasonia vitripennis.

A d u l t Fly

produce a male offspring .
Another incidence of genomic imprinting in
Nasonia vitripennis is the presence of the PSR
chromosome 4 . The PSR chromosome is an extra
chromosome in the genetic makeup of males of
this species 4 . This chromosome is unusual in that
during fertilization between a female and a PSR
male, genes on the PSR chromosome modify the
male genome through condensation of the
chromosomes such that only the maternal
chromosomes are expressed 4 .
In normal
haplodiploid fertilization by Nasonia
vitripennis,
an egg fertilized by a male will result in a female
offspring. However, an egg fertilized by a PSR
male will result in a PSR male offspring4. This is
due to the fact that the genes on the PSR
chromosomes modify (condense) all genes on the
male chromosomes that would normally imprint
the female genome and generate a female
offspring3"4. This incidence of genomic imprinting
is pertinent to the understanding of imprinting in
both Nasonia vitripennis and humans.
Nasonia vitripennis
males utilize various
mating and court-ship behaviors to promote
female receptivity to copulation6"7. Males emit
pheromones to stimulate the female6. When the
female lowers her antenna and opens her
abdomen, this is the signal to the male that she is

ready to copulate . The male will attempt to
copulate with the female several times in order to
ensure that his genes are passed on to the
offspring6.
The life cycle of the Nasonia vitripennis (Fig.
1, above) is based on the availability of a pupa of a
Sarcophaga bullata (more commonly known as a
flesh fly) in which to parasitize6"8. The female
plants her eggs directly in the pupa of a
Sarcophaga bullata so the offspring have a food
source from which they can draw nutrients for
further development6"7. In this way, the Nasonia
vitripennis is a parasite in that the offspring
completely destroy their host for their own
development and survival 6 . The process by which
the female lays her eggs in the pupa is called
ovipositing (Fig. 2, next page)6"7' . The larvae take
about nine days to form into a white pupa, then
one to two days to form into a black and white
pupa, and then another one to two days to form a
black pupa. Finally, the pupa takes another one to
two days to form into an adult6"7. Therefore,
approximately 14 days are required between
fertilization and hatching 6 .
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Experimental:
The format of this lab was based on the
commercially available "The Case of the RedEyed Female" from WARD'S Natural Sciences 6 .
The purpose of this experiment was to test the
genetic inheritance pattern of Nasonia vitripennis.
Eye color was the trait that was observed. Adult
red-eyed females were mated with adult blackeyed males.
Predictions about the genetic
inheritance in Nasonia vitripennis are shown in
Figure 310.

Figure 2: Female Nasonia vitripennis ovipositing into a host.9

Dayl:
Adult male and female Nasonia
vitripennis
were studied in separate test tubes in order to
determine the characteristics of each sex that could
be used to identify the sex of the offspring10.
Examples of such characteristics are shown in
Table 1 (below).
Table 1: Physical differences between adult
male and female Nasonia vitripennis
Male
Female
Small
Body size
Large
Abdomen
shape
Square
Pointed
Antenna
color
Light brown
Dark brown/Black
Wing size Small
Large
intervening two weeks (between days two and 16).
After such characteristics were recorded, the
male and female organisms were put into the same
test tube and the courtship of the female by the
male was observed.
After watching the copulation of the male and
female for several minutes, two more males and
two more females were added to this test tube.
Test tubes each containing the six Nasonia
vitripennis were placed in an incubator (37°C) for
24 hours.

Day 16:
By day 16, it was assumed that all of the
offspring had emerged and they were immediately
euthanized. The test tube was placed in a freezer
(-20°C) for two hours. The offspring were then
sorted into categories based on the predictions
generated from the test-crosses shown in Figure 3
(red-eyed males, red-eyed females, black-eyed
males, black-eyed females) on a dissecting
microscope and the number of offspring in each
category counted 10 .

Day 2:
Two Sarcophaga bullata pupae were obtained
and added to the test tube as hosts for the eggs of
the Nasonia vitripennis. To ensure that the female
parasitizes the host, the test tube was left in the
incubator for four or five days, after which the
parents were removed and disposed
of.
Development through all pupal stages and the
early adult stage occurred throughout the

Results and Discussion:
In the parental generation the female had red
eyes and the male had black eyes.
If their
offspring had been all black-eyed, then it could
have been assumed that the male was "BB" and
the female was "bb" (with "B" representing the
dominant black-eyed trait and "b" the recessive
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red-eyed trait) 10 . However, if their offspring had
been all red-eyed, then it could have been assumed
that the female was "RR" and the male was "rr"
(with "R" representing the dominant red-eyed trait
and "r" representing the recessive black-eyed
trait) 10 . This prediction assumes that both parents
are homozygous for eye color, that eye color is not
a sex-linked trait, and that Nasonia vitripennis are
not haplodiploid breeders 10 .
However, the results indicated neither all blackeyed offspring nor all red-eyed offspring (Table
2). On the contrary, there were both red-eyed
males and black-eyed females. Since there was a
split in eye color between the males and the
females, a haplodiploid inheritance could have
occurred6"7'10. In haplodiploid inheritance, females
are generated from fertilized eggs and thus are
diploid (2n) and males are generated from
unfertilized eggs and are haploid (n)3'4'6"710.
Diploid genetic makeup refers to an organism
having genetic information from both parents 610 .
Haploid genetic makeup refers to an organism
having half the genetic information6'10.

this was not the case. The other possibility would
be that the female was "bb" and the male was
"B" 10 . This would result in diploid females with
the genotype "Bb" (black-eyed females) and
haploid males with "b" (red-eyed males). This
pattern was in fact observed and strongly suggests
that Nasonia
vitripennis
use
haplodiploid
inheritance4'6"7.
The results of this experiment would have
greatly differed if a PSR male was used in one of
the trials. The genome of PSR males includes an
extra chromosome whose genes "imprint" the
entire male genome at fertilization3'4. Therefore,
instead of the male genes imprinting the female
genome and generating a female offspring, the
presence of the genes on the PSR chromosome
condense the chromosomes of the male genome. 3
The male chromosomes are then lost before they
can have any impact on the genome of the
resultant offspring4.
This allows for the
expression of only the female genome, thus
leading to the generation of a male offspring3"4.
However, this male offspring will be born with the
PSR chromosome as well 4 . Thus, copulation
between a red-eyed female and a black-eyed PSR
male would result in all PSR male offspring with
red eyes.
Nasonia vitripennis are naturally subject to the
macro
scale
effects
of
imprinting:
sex
determination
through
fertilization
between
normal males and females as well as through PSR
males and normal females 3 .
Knowledge of
genetic imprinting in Nasonia vitripennis
is
necessary in order to further study and come to
understand how genetic imprinting occurs in
humans.
If the mechanism(s) of genomic
imprinting in experimental organisms such as
Nasonia vitripennis can be manipulated and
controlled, this could lead to new endeavors in
medicine such as gene therapy for the specialized
treatment of genetic disorders and possibly the
prevention of specific classes of genetic disorders.
Therefore, it is important to continue the study of
genetic imprinting in Nasonia vitripennis as well
as other organisms that reproduce through
haplodiploid inheritance.

Table 2: Offspring that resulted from mating a
red-eyed female with a black-eyed male
Trial RedBlackRedBlackEyed
Eyed
Eyed
Eyed
Male
Male
Female
Female
24
1
60
0
0
2
15
0
57
0
72
3
46
0
0
In haplodiploid inheritance, the female
organism lays some fertilized eggs and some
unfertilized eggs3'6"7. Unfertilized eggs turn into
haploid males and contain half the amount of
genetic information in their genome3'4'6"7. In this
experiment, the parental males' black eyes could
either be a recessive ("r") or dominant ("B") trait.
The parental red-eyed female, assuming that she
was homozygous, would have been either "bb" or
"RR."
Assuming that haplodiploid inheritance had
occurred, if the female was homozygous "RR"
(dominant red-eyed trait) and the male was "r"
(recessive black-eyed trait), then all of the
offspring would have been red-eyed. However,
since the offspring in this experiment consisted of
red-eyed males and black-eyed females (Table 2),
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Figure 3: Test cross between a black-eyed male and red-eyed female Nasonia
Males = 3
Females= $

Black = B
Red = b

A s s u m i n g red eye color is recessive to black:
g = 3B
g=bb
B
B

vitripennis

b
Bb
Bb

This test cross would result in all dark-eyed
offspring.

b
Bb
Bb
Black = r
Red = R

A s s u m i n g red eye color is dominant to black:
c? = rr
o = RR
This test cross would result in all red-eyed
offspring.
R
R
r
r

Rr
Rr

Rr
Rr

Parthenogenesis is the development of a male offspring from an unfertilized egg. Alternatively,
fertilized eggs develop into females. This type o f sex determination in offspring is typical of
s o m e species of insects. Insects that use this pattern are said to h a v e haplodiploid inheritance.
A s s u m i n g that Nasonia vitripennis is an organism that undergoes such reproduction, the
following results would occur.
A s s u m i n g that red eye color is recessive to black:

B
-

?=bb
b
Bb
b

b
Bb
b

A s s u m i n g that red eye color is dominant to black:
c? = r
?=RR
R
R
r
Rr
Rr
R
R
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